The purpose of this work was to screen the actinomycetes having antitumor or antimicrobial activity, which were isolated from the surface, epidermis and intestines of sea plants and animals collected from the Taiwan Strait, China. Antitumor activity was studied by the MTT assay and DNA target activity was studied by the biochemical induction assay while antimicrobial activity was determined by observing bacterial and fungal growth inhibition. 20.6% of marine actinomycete cultures displayed cytotoxic activity on P388 cells at dilutions at and below 1:320 and 18.6% on KB cells. 2.96% of marine actinomycete cultures displayed inducing activity. Among all marine actinomycetes isolated, the genus Micromonospora has the highest positive rate of inducing activity. However, most antimicrobial activity was found in the genus Streptomyces. These results indicate that marine organism associated actinomycetes could be a promising source for antitumor and antimicrobial bioactive agents. ß 2000 Published by Elsevier Science B.V. on behalf of the Federation of European Microbiological Societies.
Introduction
As a great promising source for new natural products which have not been observed from terrestrial microorganisms, marine bacteria are being developed for the discovery of bioactive substances with new types of structure, with growing intensive interest. The achievements have been well reviewed [1, 2] , where many new antibiotic were obtained from actinomycetes. Proven by numerous isolates from soil, actinomycetes merit competitive biosynthetic capabilities so that marine actinomycetes naturally become the prime candidate in screening as producers of new natural products. Meanwhile, there are also documents demonstrating that many marine natural products previously ascribed to other organisms are secondary metabolites of bacteria associated with the organisms [3, 4] . Thus, the actinomycetes associated with marine plants and animals are expected to be a potential source for new natural bioactive agents. However, few studies in this area have been conducted, the majority of previous studies focused on sea sediment derived actinomycetes. So, further systematic investigation of symbiotic marine actinomycetes is necessary, because it will not only provide us with much useful ecological information, but would also be a way of ¢nding new natural products with a higher hit rate. Herein we present the data of our screening for marine actinomycetes having antimicrobial and antitumor activity isolated from sea plants and animals collected from the Taiwan Strait, China. local market, all other marine plant and animal samples, including sea hare, Aplysia dactylomela, sea anemone, Actiniaria, and sea plants, Ulva lactuca, enteromorpha and Gracilaria verrucosa, were collected at three sampling sites in the intertidal zone of Xiamen Island, which is located on the southwest coast of the Taiwan Strait, China.
Materials and methods

Collection of samples and isolation of strains
In order to avoid replication of identical strains in our investigation, the following collection and isolation procedure was adopted. Five sampling points (30U30 m 2 each) were set in every sampling site. A total of 100^200 g plant or animal samples was randomly collected in each sampling point. Samples with equal weight of the same species but from di¡erent sites, after washing with sterilized seawater to eliminate impurities such as sand, were mixed and divided into ¢ve parallel portions on average.
To isolate the actinomycetes from the surface, epidermis of sea hare, sea anemone, and the other sea plants, all parallel portions of samples were ground into a paste. After centrifugation. the supernatant of the paste was diluted (10 2^1 0 4 ) and plated on solid Emerson's medium (¢ve plates to each dilution). Plates were incubated at 28³C for 21 days. However, the method used to isolate the actinomycetes in intestines of sharp was modi¢ed from that of NoGuchi [5] while the selective medium was Emerson's agar medium as well.
Identi¢cation of actinomycetes
Strains were preliminarily identi¢ed according to traditional morphological criteria, including characteristics of colonies on the plate, morphology of substrate and aerial hyphae, morphology of spores, pigment produced and so on, while the wall chemotype and whole cell sugar pattern of the active strains were further examined [6] .
Fermentation and treatment of the fermentation broth
The fermentation medium contained soluble starch 20 g, soybean powder 15 g, glucose 5 g, yeast extract 2.5 g, CaCO 3 1 g, seawater to 1 l, pH 7.5. The strains were cultured in the fermentation medium for 5 days at 28³C. Crude culture broth was treated with ultrasound and centrifuged at 10 000Ug for 30 min. The supernatants were passed through a ¢ltration membrane (d = 0.22 Wm, Minipore) before their bioactive activity was assayed.
Detection of cytotoxic activity and DNA target activity
The cytotoxic activity of fermentation broths was studied by the MTT assay. Drugs were kindly donated by the Cancer Research Center of Xiamen University. The cell lines used were murine leukemia P388 cells and three human cancer cell lines, KB cells, HLF cells and CNE cells. The MTT assay protocol was adapted from that described by Mosmann [7] . The optical density (OD) of the wells was measured with a microplate reader (M-3550, Bio-Rad) at 595 nm with 655 nm as reference. The growth inhibition rate was calculated by the following equation:
Inhibition rate OD control well 3OD treated well OD control well U100%
IC 50 or ID 50 was de¢ned as the drug concentration or the fermentation broth dilution that resulted in at least 50% growth inhibition. The DNA target activity of fermentation broths was studied by biochemical induction assay (BIA) and the BIA protocol was adapted from that of Elespuru and White [8] . Escherichia coli strain BR513((V placZ cl P R t11) pro-lacv uvrB v envA azi thi rpsL gal) was obtained from ATCC and cultured in LBE medium.
Before the MTT assay was used to test the antitumor activity of the fermentation broth, its reliability and sensitivity were veri¢ed by seven well-known antitumor agents, bleomycin, cisplatin, mitomycin C, methotrexate, 5-£uo-rouracil, cytarabine hydrochloride and vincristine sulfate, and ¢ve antibiotics, chloramphenicol, gentamicin, lincomycin, micronomicin and kanamycin, and three organic solvents without antitumor activity, dimethyl sulfoxide (DMSO), methanol and ethanol. In the BIA spot test, three agents de¢nitely known to interact with DNA, bleomycin, cisplatin and mitomycin C, were chosen as positive controls while the negative controls were inhibitors of protein synthesis or other drugs having indirect e¡ects on DNA, including methotrexate, 5-£uorouracil, cytarabine hydrochloride, vincristine sulfate and cyclophosphamide.
Determination of antimicrobial activity
Against a battery of ¢ve bacteria, two yeasts and one ¢lamentous fungus, antimicrobial activities of the isolated marine actinomycetes were preliminarily determined by agar streaking, then identi¢ed using the double-layer method [9, 10] . The test bacteria included Bacillus subtilis ATCC 9372 (BS), Bacillus licheniformis CMCC(B) 63519 (BL), Staphylococcus aureus ATCC 25923 (SA), E. coli ATCC 25922 (EC), and Vibrio anguillarum XM 9024 (VA). The fungi tested were Saccharomyces cerevisiae 9763 (SC), Candida albicans As 2.538 (CA) and Aspergillus niger ACCC 30005 (AN).
Results and discussion
Distribution of actinomycetes
In all, 439 actinomycetes were isolated in our survey. Total counts of actinomycetes recovered from di¡erent samples ranged from a maximum of 5.4U10
5 cfu g 31 sample (surface of the sea hare, Aplysia dactylomela) to a minimum of 5.0U10 2 cfu g 31 sample (the marine plant, Gracilaria verrucosa). Strains belonging to the genera Streptomyces and Micromonospora, especially the former, represented the majority. Out of the total, only 43 (9.8%) other strains, not belonging to these two genera, was isolated.
Screening of marine actinomycetes having cytotoxic activity by the MTT assay
For all the standard antitumor agents, the IC 50 value was less than 25 Wg ml 31 against at least one cell line and P388 cells were the most sensitive to the antitumor agents among the cell lines tested ( Table 1 ). The sensitivity of the four cell lines to ¢ve antibiotics without antitumor activity and three organic solvents is summarized in Table 2 . Only the IC 50 value of chloramphenicol was less than 25 Wg ml 31 against the KB and HLF cell lines, other antibiotics and organic solvents had no e¡ects on the cancer cells tested. These data indicate that the MTT assay utilized in our study was suitable for screening antitumor agents with cytotoxic activity.
Then, fermentation broths of 360 marine actinomycetes, randomly selected from all 439 isolates, were tested for cytotoxicity. Table 3 shows the number and percentage of the broths at a dilution of 1:320 displaying activity as a function of the growth inhibition rate. 20.6% of marine actinomycete cultures displayed cytotoxic activity on P388 cells at dilutions at and below 1:320 and 18.6% on KB cells. Four broths from the cytotoxic-positive strains were chosen to study their e¡ect on the growth of four cancer cell lines and the ID 50 dilutions for these broths against cancer cells ranged from 1:800 to greater than 1:20 480 (Table 1) . P388 cells were the most sensitive among the cell lines. The ID 50 dilutions for these broths against P388 cells ranged from 1:3800 to greater than 1:20 480.
Screening of marine actinomycetes having DNA target activity by BIA
The BIA spot test is considered an in vitro mechanismbased screening method with simplicity, sensitivity, rapidity and reproducibility to test selectively DNA target anti- tumor activity of fermentation broths [8] . Table 4 demonstrates that the BIA test was selectively sensitive to those agents that interact with DNA. All 439 fermentation broths of marine actinomycetes were subjected to screening to detect their potential DNA target activity using the BIA spot test and 2.96% of marine actinomycete cultures displayed inducing activity ( Table 5 ). The selectivity of BIA resulted in a lower positive rate of screening compared with the MTT assay. It is noticed that in our study the genus Micromonospora has a higher positive rate of inducing reaction than the genus Streptomyces.
Antimicrobial activities of the isolated marine actinomycetes
Only 39 marine actinomycetes were randomly picked out from the total of hundreds of isolates to test antimicrobial activity, because we are more interested in antitumor antibiotics. Out of these tested strains, 17 strains (43.6%) having antimicrobial activity were observed. They belong to Streptomyces and Micromonospora, the former being the majority (Table 6 ). The Streptomyces isolates can be classi¢ed into ¢ve groups, £avus (63.6%), albosporus (11.7%), roseosporus, viridis and hygroscopicus. Among all 17 antimicrobial isolates, 11 (65%) exhibit inhibition activity against Gram-positive bacteria and eight (47%) against Gram-negative bacteria, while four strains (23.5%) exhibit antimicrobial activity against both Grampositive and Gram-negative bacteria. Antifungal activity was present in nine isolates (52.9%), while two of them inhibited the growth of two fungal strains. Streptomyces and Micromonospora, especially the former, represented the major genera identi¢ed.
By the late 1990s, there had been about 40 new bioactive microbial products from marine organisms reported [1, 2] , near half of them were found in actinomycetes, demonstrating that the hit rate of new antibiotics from marine actinomycetes is higher than from other microbial species. Something similar had occurred with studies on terrestrial microorganisms. However, the majority of these marine actinomycetes were isolated from sea sediment.
On the other hand, more than a third of all discovered new bioactive microbial products from the sea were derived from the bacteria associated with marine animals, especially invertebrate animals, or marine plants. These symbiotic or commensal bacteria, in many instances, constitute the normal £ora associated with the host and chemically defend their microhabitat while protecting their host from pathogenic microorganisms by producing secondary metabolite compounds. A typical example is isatin, produced by a symbiotic marine bacterium identi¢ed as Alteromonas sp., which protects embryos of the shrimp Palaemon macrodactylus from infection by the pathogenic fungus Lagenidium callinectis [11] . Moreover, some antibiotics previously ascribed to marine organisms, such as sponges, the proliferative producer of the natural product, were ¢nally traced to its symbiotic bacteria [3, 4] . Considering these cases, it could be said that the marine organism associated actinomycetes are a promising source for antimicrobial and antitumor bioactive agents. More attention should be paid to these ecological species, though further scienti¢c evidence needs to be produced to verify the symbiotic or commensal relationship between these actinomycetes and their hosts. Several bioactive agents have been discovered from these actinomycetes, from soft coral [12, 13] , jelly¢sh [14] , and sponges [15] . Ecological surveys were conducted as well, one of them was the investigation of the diversity of actinomycetes on seaweeds [16] .
In our study, approximately 43.6%, 20% and 3% of tested marine actinomycete cultures displayed antimicrobial activity, cytotoxic activity and inducing activity, respectively. The positive rate of antimicrobial activity is higher than the data from surveys of sediment derived actinomycetes, around 16% in Pisano et al.'s study [9] and 18% in that of Ellaiah et al. [17] . Among the strains tested, strain MA350 was noted for its high cytotoxic ac- Table 1 ) and high inducing activity (inducing activity was similar to that of 1 mg ml 31 of cisplatin, data not shown), suggesting that the cytotoxic e¡ects may result from its interaction with DNA. The characteristics of antitumor bioactive agents produced by MA350 will be studied. 
